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Research and Development Focus

Develop KDD (Knowledge Discovery in
Databases) techniques to exploit geo-referenced,
spatio-temporal datasets including satellite data

Use these techniques to obtain a better
understanding of the relationships between
vegetation amount and vigor and topography,
climate, physiography, and hydrology

KDD (Data Mining) 1s an emerging field for
scientific discovery =—>find relationships in large,
complex databases



Topographic Influence on Vegetation




Large Scale Topographic Influence
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Influence of Slope = Water Availability
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Complex Interactions
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INPUTS

Elevation

Slope

Aspect

Compound Topographic Index
Distance to Nearest Stream
Percent Sand

Percent Silt

Percent Clay

Land Use/Land Cover

Possibly many more ...

@ OUTPUT

\ April 2000 ]  Average
April 2001 Enhanced
April 2002 Vegetation
= April 2003 ] Index for April
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250m¥X250m
16 day

Same Spatial and
Temporal Resolution

Remove bad Different Spatial and
pixel values Temporal Resolution

Pixel | EVI Albedo | LAl | EMI | DEM
1 0.4 0.2 03 | 05 240

2 0.3 0.2 01 | 03 242

3 0.2 0.3 01| 0.6 | 240
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Included Land Covers

. Deciduous Forest

. Evergreen Forest ' «cluded Land Covers

. Water

Low Intensity Residential

. High Intensity Residential

- Commercial/Industry/Transportation

Mixed Forest

Pasture/Hay

. Row Crops
. Small Grains
. Urban Grasses

Woody Wetlands

. Herbaceous Wetlands

Bare Rock/'Sand/Clay

. Quarries/Strip Mines/Gravel Pits

. Transitional
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Enhanced Vegetation
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* Bulk Density

Percent
Sand/Silt/Clay

% Clay % Silt

6
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10 12 14 16 18 20 22 24 26

1.40 154 169 1.80 185 1.89 1.93 2.00 2.12 2.22
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April

July

August September

Precipitation (mm)

215 252 283 315 346 378 410 441 473 504 848




I May l June l July I August September

Incoming Shortwave Radiation Flux (W/m?2)

198 206 215 224 233 242 251 260 269 278 287




April May June July August September

Two-Meter Daytime Temperature (°C)

115 132 149 166 183 200 21.7 234 251 26.8 28.6




2000-2004 Average

. 2/3 Training
Regression Tree 113 Prediction
Bootstrapping
April EVI
[ o = 0.040
I:C o LC != Agriculture
Agrlclllture
| |
Daytime Air Daytime Air o . . .
Temp > 14.4 Temp <= 14.4 LC == Decid Forest LC !=Decid Forest
| | | |
Slope Slope % Clay % Clay Slope Slope Slope Slope
>24 <=24 >22 <=22 > 8.7 <=8.7 > 6.7 <=6.7
Slg 2e g Slope <= 4.2 Sl(2) 9e g 8102 9<= Elev> 850 Elev <= 850 LC== LC !=Ever
n= 6.347 h=0.369 n=0354 pn=10367 p=lzel) =l Ever Forest Forest
6=0055 70000 o 0051 6=0.052 c=0.032 ¢=0.033 p=0291 p=0278
6 =0.036 o=0.035
IC= LC!= Depth Depth % CIay > % ClLy <= % CIay > % ClLy <=
Row Crop Row Crop Bedrock > 106 Bedrock <= 106 20 20 21 21
p=0354 p=038  p=0313 p=0.345 n=0.288  p=0.265 n=0313 p=0.298
6=0.066 ¢=0.065 oc=0.048 6 = 0.055 6=0.046 ¢=0.039 6=0.046 ©=0.037
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April EVI

¢ =0.040
L == Agriculture LC = Agriculture
T 1 | |
Daytime Air Daytime Air e . e i
Temp = 14.4 Temp <= 14.4 L == Decid Forest L !=Decid Forest
Slope  Slope % Clay % Clay Slope Slope Slope Slope
=24 =<=24 =32 =22 = 8.7 ==8.7 =6.7 ==6.7
Slope = 4.2 Slope <=4.2 | Slope = 2.9 Slope <=2.9 Elev = 850 Elev <= 850 LO== LC!=Fver
n=0347 pn=0369 n=0354 p=0367 p=0239 p=0254 Ever Forest Forest
6=0055 o=0060 6=0051 ¢=0.052 6=0.032 ©=0.033 w=0291 p=0278
s=0036 o¢=0035

Lc== IC!= Depth Depth % olay = % ClLy == % Cjay = % C]Iay =

Row Crop Row Crop Bedrock = 106 Bedrock == 106 20 20 21 21
w=0354 p=038  p=0313 u=0.345 n=0288  p=0265 p=0313  p=0.298
o=0.066 o=0.065 o =0.048 o = 0.055 & = 0.046 5 = 0.039 & = 0.046 5=0.037



Overall Standard Deviation of Tree, o
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Relative Dominance (1)

Depth and
Vsrlable
April EVI ount
LcC ¢ =0.040 , Depth =1
LC != Agriculture —
Agriclllture LC =1
l | Depth = 2
Daytime Air Daytime Air o . _ . —
Temp > 14.4 Temp <= 14.4 LC == Decid Forest LC !=Decid Forest LC =1
‘ Climate = 1
| | | | Depth =3
Slope Slope % Clay % Clay Slope Slope Slope Slope To po =3
>24 <=24 >122 <=122 > 8.7 <=8.7 > 6.7 <=6.7 SOﬁS =1
Slope > Slope > Slope <=
4y Slope<=42 5o 50 Elev> 850 Elev <= 850 LC== LC !=Ever Depth =4
n=0347 NH=036 n=0354 p=0367 n=0239 pu=0254 Ever Forest  Forest Topo=3
6=0055 ° 0060 1 0051 o=0.052 ¢=0.032 ©=0.033 p=0291 p=0278 Soils = 3
6=0.036 o¢=0.035 LC =2
LC == LC != Depth Depth % CIay > % ClLy = % CIay > % ClLy =
Row Crop Row Crop Bedrock > 106 Bedrock <= 106 20 20 21 21
p=0354 p=038  p=0313 p=10.345 n=0288  p=0.265 n=0313 p=0.298
6=0.066 ¢=0.065 o=0.048 o = 0.055 6=0.046 o =0.039 6=0.046 o=0.037



Relative Dominance (2)

) = variable
D
R n = {topography, soils, land cover, climate}
d 2 I D = depth of tree
1=

n = number of occurrences of variable

Example with D = 4

O 0 3 3 1.750

Rtopography = T + E + 5 + Z =1.750 ) Rtopography = ﬁ =0.3281=32.81%
1.083

Rogits = >+ 2+~ 42 21,083 Rypiis = ——— = 0.2031=20.31%
1 2 3 4 > 5.333
1 1 0 2 2.000

Rlandcover = I + 5 + 5 + Z =2.000 Rlandcover = ﬁ =0.3750 =37.50%
O 1 0 O 0.500

Rclimate = T + 5 + g + Z =0.500 j Rclimate = m = 0.0938 = 938%

Sum = 5.333 Sum = 100%
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How Can We Use These
Trees for Prediction?

April 2000 —>

Average Observed Predicted
April EVI April 2001 EV] EV|
: D Y ¢
April 2002 Difference
April 2003 7
April 2004 If error in tree is
relatively small,
Each year has different difference will
temperature, reflect vegetation’s
precipitation, and <€— dependence on
radiation, but static variability in

variables are static! climate variables



Regression Tree Prediction Model

April
o =0.040 |
LU = AG
2? I
" | I I
ATD > 144 LC —I— DF LC !'=DF
S<=24 PC > 22 S>8.7 S<=8.7 S>6.7 S<=6.7
S>42 ) S<=42 S>29 S<=29 E>850 E<=2850 LC==EF LC!=EF
=034 p=0.369 n=0.354 p=0.367 n=0.239 p=0.254 n=0291 p=0.278
6=0.05306=0.060 c=0.051 c=0.052 6=0.032 0=0.033 6=0.036 6=0.035
I

LC==RC LC!=RC
w=0.354 p=0.386
5=0.066 c=0.065

DB > 106 | DB <= 106 PC>20 PC<=20 PC>21 PC<=21

w=0.345 w=0288 p=0.265 w=0313 p=0298
5 =0.055 5=0.046 c=0.039 c=0.046 o=0.037



April 2004

Predicted
Level 4

M0.10-0.16
M 0.16 - 0.22
770.22-0.28
~10.28-0.34
~10.34 - 0.40
~10.40 - 0.46
170.46 - 0.52
I 0.52 - 0.58
M 0.58 - 0.63
M 0.63 - 0.69

Actual EVI

Predicted EVI



April 2004

o Predicted ﬁe
v Level 14 -~~~

0.10-0.16
100.16-0.22
. 10.22-0.28
.~ 10.28-0.34

TR ~ 10.34-0.40
~10.40-0.46
770.46-0.52 E
M 0.52-0.58 gg- . ]
M 0.58 - 0.63 a _

M 0.63-0.69 ; : b4 0 -
Predicted EVI




Summary
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Architecture is being developed for integration

remote sensing and GIS data for data mining
applications

Initial results suggest the ability to perform
detailed (pixel-by-pixel) investigations in
space-time domain

Dependencies over multitude of variables can be
analyzed

Next steps involves expanding the ability for
analyses over much larger domain sizes



